This paper investigates patterns of childcare use and their influence on the cognitive development of Indigenous children. The influence of childcare on the cognitive outcomes of Indigenous children is less well understood than for non-Indigenous children due to a lack of appropriate data. This paper uses data from the Longitudinal Study of Indigenous Children, a unique panel survey that tracks two cohorts of Indigenous children in Australia. This paper focusses on the younger cohort that has been followed from infancy and includes rich information on their childcare use and cognitive outcomes. We find that, compared to Indigenous children who never participated in childcare, Indigenous children who participated in childcare performed better on a range of cognitive outcomes measured across the preschool years. Using regression and propensity score matching techniques we show that this difference is entirely driven by selection into childcare, with children from more advantaged families being more likely to attend formal childcare than children from less advantaged families. However, results from the matching analysis suggest that relatively disadvantaged children might benefit more from attending childcare, as indicated by the positive potential effects found for those who never attended childcare (i.e. the estimated effects had they participated in childcare).
Introduction
Disadvantage is widespread amongst Indigenous populations across the world. As the recent study for 28 populations in 23 countries by Anderson et al. (2016) documents, Indigenous disadvantage starts from birth through higher infant mortality rates and continues throughout life, leading to poorer health outcomes and shorter life expectancy in Indigenous communities. Importantly, the disadvantage experienced by these communities has consequences for children's development. Indigenous children in developed countries tend to perform more poorly than their non-Indigenous counterparts on a range of cognitive scores.
In their study of Australian children Leigh and Gong (2009) found that Indigenous children at age five had similar cognitive scores as non-Indigenous children at age four. In New Zealand, Māori children achieved significantly lower levels on conventional school literacy measures than non-Māori children at the time of school entry (Phillips et al., 2004; and references therein) . Similarly, Indian-American children in the U.S. and Aboriginal children in Canada have lower levels of reading and numeracy skills in early school years than non-minority groups (Clotfelter et al., 2009; Fischer and Stoddard, 2013; Richards et al., 2010) . In light of these disparities and given the importance of these skills for outcomes later in life, closing the gap in outcomes between Indigenous and non-Indigenous children in the early years has become a policy goal in countries with Indigenous populations (see for Australia: Department of the Prime Minister and Cabinet, 2015; and for New Zealand: Gould, 2000) .
One of the most prominent policy interventions aimed at addressing the gap in outcomes between Indigenous and non-Indigenous children is improving the access to early childhood education. 1 Policy initiatives that promote access to learning opportunities in the early years are particularly important in supporting disadvantaged children. Although the literature on childcare and preschool programs has not converged toward a unanimous evaluation regarding their effect on cognitive development, 2 several studies show that such programs may be effective in improving school readiness, especially for children from disadvantaged backgrounds (Duncan and Magnuson, 2013; Fitzpatrick, Grissmer and Hasted, 2011; Magnuson, Ruhm and Waldfogel, 2007; and Ludwig and Miller, 2007) . This literature 1 In Australia, for example, ensuring access to early childhood education for all Indigenous children in remote communities was one of the policy targets set by the Council of Australian Governments in 2008. A recent Government report (Department of the Prime Minister and Cabinet, 2015: page 5) mentions that ensuring access to childcare is one of the key goals of the closing the gap agenda. 2 For a review of this literature see Kalb et al. (2014) . 4 provides valuable insights into the impact of childcare on cognitive outcomes; however, whether these results can be extrapolated to Indigenous populations is not clear. Evaluations of childcare and preschool programs are usually based on general population surveys where Indigenous communities are typically underrepresented, compromising the capacity to draw conclusions on the impact of preschool activities in these communities. For example, Bradbury et al. (2011) compare inequality in child development at age 4-5 in Australia, Canada, the US and the UK. Although they control for ethnicity, no specific attention is paid to Indigenous populations due to the small numbers observed in national surveys. 3 Understanding the influence of early childhood education and care activities on Indigenous children is crucially important to prevent the large disparities in educational performance observed between Indigenous and non-Indigenous children later in school (Bradley et al., 2007; Ford, 2013) . Unfortunately, however, research on the potential impact of childcare in Indigenous populations is still very limited and mostly based on small samples. The current paper contributes to the existing literature by investigating childcare use and its influence on children's cognitive development in Indigenous communities using data from the first five waves of the Longitudinal Study of Indigenous Children (LSIC). The younger of two cohorts of children followed in LSIC has detailed information about childcare participation from infancy to school entry age, children's cognitive outcomes, and a broad range of family background characteristics and other socioeconomic characteristics. Making use of this unique dataset, the paper contributes to the literature in two ways. First, we investigate the prevalence and determinants of Indigenous children's childcare attendance during the preschool years. Second, we estimate the influence of childcare attendance on cognitive outcomes at different stages of childhood using multivariate regression and propensity-score matching techniques. Although we cannot estimate causal relationships with the data we currently have, we control for as much of the endogeneity of childcare use as is feasible by using information on a comprehensive set of potential confounders of preschool attendance and children's outcomes. We use year-on-year data rather than the five waves of data in one panel regression, because the outcome variable of interest is slightly different every year.
Although some researchers have used cognitive skill measures from subsequent waves in a multi-period panel regression (e.g. see Fiorini and Keane, 2014) , the different measures in 5 LSIC are not strictly comparable across waves and are likely to measure slightly different skills or abilities each wave.
Our paper builds on the recent work by Arcos Holzinger and Biddle (2015) -AHB (2015) henceforth -who used LSIC data to study the relationship between early childhood education and children's outcomes. However, our paper differs from theirs in the following important aspects. AHB (2015) study the influence of preschool and childcare attendance on children's outcomes by the time they are between five and seven years of age. Given our interest in understanding how skills develop in early years, we expand their analysis by examining the impact of childcare attendance on children's outcomes at different ages between two and five before they enter school. As in AHB (2015) , we study the relationship between childcare use and outcomes using linear regression techniques. However, differently to AHB (2015) we also look at this relationship using propensity score matching techniques, and we pay particular attention to the definition of variables and the composition of the sample of analysis as explained in the data section. Furthermore, our analysis considers a more comprehensive set of covariates when evaluating the relationship between childcare attendance and cognitive outcomes to ensure we compare children that are as similar as is feasible, except for their childcare use. In particular, following the literature on child development, our models account for differences in home environments and family investments in children which turn out to be important.
We find significant differences in cognitive outcomes between childcare users and those who never participate in childcare during the first five years of life. Children who attend childcare perform better in a range of cognitive scores measured at different ages in the preschool period. Selection into childcare contributes to explain these results. Indeed, our analysis of childcare participation shows that the probability of using childcare is not uniform across different socioeconomic groups. Children from more advantaged families are more likely to attend formal childcare than other groups. Thus, children whose primary carer has a University degree, children with employed carers, and children who are read to regularly at home have a higher probability of ever attending childcare than other children. With the data at hand we find no significant association between childcare use and cognitive outcomes after controlling for a broad range of individual and household characteristics that are correlated with formal childcare use and child development. We find that for most cognitive measures, the statistical relationship between outcomes and childcare attendance ceases to be significant once we control for differences in family environments. However, the results suggest that 6 relatively disadvantaged children might benefit from attending as indicated by some modest significant estimated effects for the children currently not attending childcare.
The remainder of the paper is structured as follows. The small literature on childcare use and child development in Indigenous communities is reviewed in Section 2. Section 3 describes the features of the LSIC data including a description of the variables that are constructed and used, and presents a range of summary statistics and descriptive graphs. This is followed by the methodology in Section 4, and results in Section 5. We discuss the results for both childcare use and cognitive outcomes in detail in two separate subsections. Section 6 concludes.
Indigenous Childcare Use and Child Development -The Literature
Mounting evidence on the importance of early childhood experiences for individuals' subsequent development and life outcomes has led to a growing interest in understanding the potential impact of childcare participation on developmental outcomes. Thus, in recent years there has been a substantial amount of research aimed at quantifying the influence of childcare and other preschool activities on children's cognitive and non-cognitive outcomes (i.e. the returns to childcare). Most of this research is focused on developed countries, including those of interest to us (the US, Australia and Canada) where the effect of childcare is evaluated using data from general population surveys. Estimates of the returns to childcare for Indigenous children based on data from these surveys should be interpreted with caution for several reasons. First, Indigenous populations in these countries are generally small, and so their numbers in representative surveys tend to be very small. Second, these populations are typically underrepresented in general population surveys, with higher than average nonparticipation rates. Third, general surveys often fail to recognise the specific circumstances and characteristics of Indigenous communities which are likely to be relevant for the study of childcare use and its impact on the outcomes of children in these communities. Fourth, Perales et al. (2015) show that there are higher rates of survey problems (e.g. poor understanding of survey questions, lack of cooperation, having responses influenced by others, and being suspicious of the interviewers) amongst Indigenous people in surveys. This may lead to poorer interview data quality for the Indigenous population in general population surveys. Taken together, these factors severely hamper the possibility of making robust statistical inferences about Indigenous populations using these surveys. 7 2.1. Childcare usage amongst Indigenous children in Australia Biddle (2007) uses data from the 2011 Australian Census of Population and Housing to compare the levels and predictors of childcare use between Indigenous and non-Indigenous populations in Australia. Results show that Indigenous children are less likely to attend preschool than their non-Indigenous counterparts. Equivalised household income and parental education positively influence preschool attendance in both Indigenous and non-Indigenous populations, although their importance is greater amongst Indigenous children. The presence of Indigenous preschool workers increases the probability of childcare use amongst Indigenous children, which may highlight the importance of cultural factors and/or support in enabling the child to access childcare in these populations. Hewitt and Walter (2014) analyse preschool attendance of Australian Indigenous children using data from the first two waves of LSIC, and find that housing stability and the number of books in the household are factors positively associated with the probability of attending preschool.
Impacts of childcare usage on Indigenous children's cognitive development
Research on how childcare participation influences cognitive outcomes in Indigenous populations is very scarce, partly due to the limited availability of suitable longitudinal data for these populations. Thus, to date much of the research for Indigenous communities is based on small samples. Gormley et al. (2005) analyse the impact of a prekindergarten program on the outcomes of Native Americans in the US using data from 240 Native American children. Similar to the other populations examined, Native American children benefitted from the program in terms of school readiness. Their improvements were nevertheless smaller than those found for Hispanic children, but bigger than those found for Black and White populations. Benzies et al. (2011 Benzies et al. ( , 2014 evaluate the impact of a preschool program in Canada using data collected before and after the program for a small number of children, including 40 Indigenous children. The program was found to have a positive impact on receptive language skills, and for Indigenous children the time in the program also had a positive impact on the test results obtained immediately after the program was completed. Mughal et al. (2015) used follow-up data on the same children to compare subsequent development across Indigenous Canadian children, other Canadian-born children and migrant children. Although the total sample is further reduced (n=78) and the results should be interpreted with caution, the effects of the program on Indigenous Canadian children were maintained up to age 10.
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The work by AHB (2015) constitutes the only attempt to date to investigate the relationship between childcare and preschool attendance, and child development in Indigenous communities in Australia. Using LSIC data, they evaluate the influence of preschool activities on children's cognitive and developmental outcomes two years, and three to five years after participation in early childhood education. Using linear regression models, they find a positive relationship between attendance at preschool and childcare in early years, and children's cognitive and developmental outcomes after school entry, 4 but this disappears once they control for family characteristics.
Data

The Longitudinal Study of Indigenous Children
To study patterns of childcare use and their impact on Australian Indigenous children's cognitive outcomes, we use data from the first five waves of the Longitudinal Study of
Indigenous Children (LSIC). LSIC is a panel survey which collects annual information on
Australian Indigenous children and their families. This is a unique and unprecedented dataset capturing rich information that is particularly suitable for the analysis of the developmental process of Indigenous children. Indigenous children are the sample unit in LSIC. Most families in the study were contacted and recruited using administrative information regarding the presence of an Indigenous child in one of the target age groups as provided by the Centrelink or Medicare Australia (Department of Families, Housing, Community Services and Indigenous Affairs, 2011). 5 However, other informal methods of recruitment such as word of mouth, local knowledge and study promotion were also used to supplement the sample. In practice, the Child cohort consists of children born in 2003, 2004 and 2005 Australia. 6 The survey includes a Baby cohort (B-cohort) comprised mostly of children who were between 6 months and 1.5 years of age at the time of the first interview, and a Child cohort (K-cohort) where the majority of children were between 3.5 and 4.5 years old in Wave 1. 7
Analytical Sample
Given our interest on the influence of childcare on cognitive development in early years, we focus exclusively on children in LSIC's B-cohort. This is because in this group we observe a wider range of measures of cognitive development, and children's exposure to early childcare was observed (for the older K-cohort early exposure to childcare is not captured). We have defined our sample of analysis, based on the intended age range of the B-cohort in the first wave, i.e. between 0.5 and 1.5 years. Thus to ensure that cognitive development is measured for children of comparable ages, we exclude children who are older or younger than this age range in wave 1 (n=283; about 29 per cent of the sample) from the analyses.
The derived sample includes 672 children, 671 from the original B-cohort and one child from the K-cohort whose age at the time of the first interview was between 0.5 and 1.5 years.
Besides these 672 children, there are 28 children who joined the survey in Wave 2 and satisfy the age criterion to be included in our sample. 8 In subsequent waves, the age range of those in the derived Baby cohort broadens again due to different timings of the survey in these later waves, but it never extends beyond two years. The age range for children participating in the child development measurements in waves 3 to 5 is two years as shown in Appendix Table   A .1. Given the importance of age in the developmental process, all the models that estimate 6 We do not have sufficient information in the LSIC data to control for the clustered design of the LSIC study as recommended by Hewitt (2012) . The only measure of geographic area available with the general release of LSIC is the Level of Relative Isolation classification. This is an indicator based on geocoding of the home address of participants. Five categories of isolation have been defined, ranging from 1= "None"; 2 = "Low"; 3 = "Moderate", 4 = "High"; and 5 = "Extreme". 7 For a detailed discussion of the properties of the LSIC data see Dodson et al. (2012) . 8 For those who entered LSIC in Wave 2, we used the intended age range plus 1 so we can categorise them according to their age in Wave 2.
the influence of childcare on cognitive development control for differences in age across children.
This paper also pays particular attention to the composition of the sample of analysis to ensure the different analyses are comparable (i.e. the same children are included in each model variation). That is, when comparing the models only including childcare use as an explanatory variable with the models including additional sets of explanatory variables, we ensure that these models are based on the exact same samples so that any differences are driven by the additional variables rather than different children being included in our sample.
Outcome measures
Formal childcare use
We have classified formal care to include any form of day care centre care, family day care, care by a nanny or other formal care; while informal care includes care by brother/sister, grandparents, other relative, friend/neighbour, or another person. Table 1 presents the proportion of children who use formal childcare in each wave. To put these proportions in context we also present the proportion of children who use informal childcare in each wave separately. This shows that a relatively small proportion of families use formal childcare for their children (less than half of all children have ever used formal childcare by around age 5), while the use of informal childcare is widespread (over 95% of all children have ever used informal childcare by around age 5). Observing this high usage of informal childcare, it is important to note that traditional Indigenous contexts feature a more communal approach to the care, mentoring and education of children. There are substantial cultural differences between Indigenous and non-Indigenous Australians concerning child rearing (e.g. see Lohoar et al., 2014) . For many Indigenous people -especially those living in Indigenous communities-caring for and educating young children is not a job that is done (or expected to be done) solely by parents, or formal institutions such as long day care centres. Instead, informal childcare, child mentoring and support to parents are routinely provided by other family members (chiefly grandparents, but also aunts, uncles, cousins and older siblings), neighbours, and the community as a whole. This distinctive Indigenous approach to informal childcare might have impacts on Indigenous parents' decisions about participation in formal childcare, and about the relative outcomes of childcare usage on Indigenous children. In particular, it could be argued that Indigenous communities may provide better alternatives to formal childcare, in the form of collective arrangements and informal childcare practices. This suggests that the benefits of formal childcare on child development may be smaller amongst some groups of Indigenous children.
Formal childcare use starts at a low level and reaches a peak in Wave 3, when children were between 2.5 and 3.5 years old. As expected, the rate drops off when the children start to attend school. Table 2 presents the percentage of children who use formal childcare and the percentage of children who use informal childcare by their age. 9 The results reported in the table show that formal childcare is mostly used when the children are aged between 2 and 3 years. For our analyses we also construct a variable that measures the cumulative extent to which formal childcare is used by counting the number of waves in which formal childcare attendance was reported. A relative version of this measure is also used, which divides the number of waves in which childcare was used by the number of waves in which the child was observed. 10 9 Note that the number of children in the age range 1 to 2 exceeds the actual sample size because some children interviewed in wave 1 were also in that age group when they were interviewed in wave 2. 10 An alternative relative version assumes no formal childcare was attended in the non-responding waves. The two relative variables are very similar (see Appendix Tables A.2a and A.2b). Comparing the two alternative definitions in Wave 5 shows that 88.5 per cent of all cases would have the same value for both variables. In
Children's cognitive development
To investigate the influence of childcare attendance on children's cognitive development, we consider three measures at different stages of childhood. These include:
 the MacArthur Bates Communicative Development Index in Wave 3 (2.5-3.5 years) 11 , which is parent-reported and measures expressive vocabulary and early grammar skills 12 ;
 the Who Am I measure in Wave 5 (4.5-5.5 years), a developmental test of school readiness (which is not language dependent and suitable for children with limited English) that looks at children's ability to write their name, letters and copy shapes; and  the Renfrew Word Finding vocabulary test in Wave 4 (3.5-4.5 years) and Wave 5 (4.5-5.5 years), which tests children's expressive vocabulary by examining their capacity to name pictures of objects arranged in order of difficulty. Children can name pictures in their preferred language. Table 3 presents the mean scores on these tests by childcare use. It shows significant differences in cognitive development, with children who ever attended formal childcare outperforming children who were never in formal childcare. Figures 1 to 3 display the differences in performance on each of these measures by children who did or did not attend formal childcare. the cases where they are different, they are usually the next-closest possibility. In our analysis we use the version based on observed waves only. 11 The indicated age ranges are the intended ages of children in each wave. Appendix Table A .1 shows the actual (slightly wider) age distribution of the children when doing these tests. 12 Farrant et al. (2014) express some concern regarding whether the MacArthur Bates measure was culturally appropriate enough in terms of the words assessed and/or sensitive enough as a measure of Indigenous vocabulary development. Note: All differences are significant at the 1%-level at least. Source: Authors' calculations based on LSIC. Figure 1 shows the unconditional distribution of the MacArthur Bates scores in Wave 3 by ever attending childcare. As evidenced by the graph, differences in cognitive scores between these two groups are not restricted only to the mean. Indeed, the distribution of scores amongst those who ever attended childcare has shifted to the right. That is, among those children who ever attended childcare, a higher proportion have a high score and a lower proportion have a low score in the cognitive development measures, compared to those children who never attended childcare. As Figures 2 and 3 show, similar differences in the distributions were found for the Renfrew test administered to children at an older age (Waves 4 and 5) and also for the Who Am I measure observed in Wave 5. That is, the distributions of scores amongst children who ever attended childcare are located more to the right than those of the group who never went to childcare. These differences in the distributions suggest that either formal childcare attendance improves the performance of children on each of these scores, or it reflects selection into childcare and differences in the characteristics and circumstances of children who attended childcare and those who did not.
Overall, the graphs suggest that formal childcare attendance is positively associated with children's cognitive outcomes. However, these are unconditional estimates. In the sections that follow we control for factors that may confound the association between childcare use and children's cognitive outcomes. The control variables capturing these factors are discussed in the next subsection. 
Explanatory variables
In our multivariate analyses we include a set of variables known (or suspected) to affect child development, as well as a set of variables known (or suspected) to be correlated with childcare use. These include child characteristics, such as age and gender; parental characteristics, such as education and employment; family environment characteristics, such as number of siblings and household income; and community characteristics, such as socioeconomic ranking and geographic remoteness (as measured by the Level of Relative Isolation variable).
Our empirical analysis exploits the information available in LSIC to the maximum extent possible, paying particular attention to the robustness of our findings to the definitions of some variables that were not collected consistently across waves. This includes parental education which was collected in different ways across waves 2 to 5. In waves 2 to 4, there was one question on the highest level of education achieved which combined years of school completed and post-school/tertiary qualifications. In Wave 5, years of school completed was asked separately from post-school qualifications. Comparing the answers in waves 2 to 4 to the answers in Wave 5, it appears that several parents did not report post-school qualifications in waves 2 to 4, only highest year of school completed. We therefore used the information in Wave 5 to update the information in waves 2 to 4. However, in some cases the information in waves 2 to 4 could not be reconciled with the information in Wave 5 (e.g. education in Wave 5 was lower than in one of the earlier waves). In these cases we create two alternative versions of the education variable: one representing a pessimistic view on the education level, reporting the lowest level observed, and the other representing an optimistic view on the education level, reporting the highest level observed. As a result we have a lower bound on the education level (the variable imputed low values education) and an upper bound on the education level (the variable imputed high values education) for waves 2 to 4. Both variables are reported in Table 4 with the summary statistics. These two versions can be used to investigate the sensitivity of the results to the pessimistic and optimistic assumption. Given the likely relevance of parental education in childcare use and child development this is important. However, regressions using the higher bound turn out to give similar results to those using the lower bounds on education so only the results based on the lower bound are reported. 13
Information on income is available as a categorical variable in all waves except for Wave 3,
where it was not asked at all. Compared to earlier waves, the categorisation is more detailed in Wave 5. We aggregate income groups in Wave 5 to match the categorisation used in the earlier waves. In the analyses we use the midpoints of the income category to limit the number of parameters to be estimated.
We include a broad range of family and individual characteristics based on the findings of previous 
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Trudgett and Grace (2011) provided a number of potential reasons for the lower attendance of Indigenous children at early childhood education institutions emphasising that Indigenous families are not a homogenous group. However, one key factor they identified is trust and a good carer-child connection which for some families is connected to indigeneity.
We do not observe the characteristics of local childcare workers. Instead, we control for the degree to which the child's primary carer at home identifies with Indigenous culture and participates in Indigenous-specific activities. The assumption is that the presence of Indigenous childcare workers may be more important to parents/carers identifying strongly with Indigenous culture, thus potentially discouraging childcare use.
LSIC includes multiple indicators about the financial stress, family environments, Indigenous cultural practices, and life events that children were exposed to during childhood. We use data from these indicators to derive a composite index for each of these aspects of children's lives to provide a more reliable and succinct measure of these constructs to use in regressions, at the same time avoiding potential multicollinearity of the separate indicators. Results from exploratory factor analysis for the financial stress, family activities and Indigenous cultural practices variables suggest that one underlying factor for each of these sets of variables exists. It is not clear, however, that such an underlying factor exists for the life events variables. A brief discussion of the derivation of the composite measures is provided in Appendix II.
A number of relevant control variables that are collected in other survey waves are not collected in Wave 3 of the study. These include income (as mentioned earlier), the number of books at home and several of the family activities. Therefore, fewer variables are included in the analyses of Wave 3. storytelling, presence of grandparents in the child's home (possibly increasing with the grandparents' age) and income. The proportion of families whose main income source is a Government pension, benefit or allowance is also increasing, which is somewhat surprising given the observed increases in employment and hours worked. Notes: a) in Wave 5 the low and high imputation variables for education are the same; b) sample size is 470, c) sample size is 414 and 402 respectively, d) sample size is 377; e) a higher value on these indexes indicate more family activities, more adverse life events, more financial stress, and more participation in indigenous cultural events; f) including birth and early years characteristics would reduce the sample size for regressions considerably, so these are not included in the main regressions; the relevant sample size combining the variables in the other groups with each of the variables in this group separately. Source: Authors' calculations based on LSIC.
Summary Statistics
Attrition
Attrition is higher for LSIC data than for comparable general population surveys, such as the Longitudinal Study of Australian Children (LSAC). Starting from the full sample size as presented in Table 5 , just over 56 per cent of children are observed in all five waves.
Examining attrition rates between consecutive waves as presented in Table 6 shows that such rates are over 10 per cent per wave. The probability of dropping out of the sample between two consecutive waves does not appear to be systematically related to most of the covariates included in the model. However, we find that the study child's age and the family's type of housing tenure predicts the probability of attrition between waves and also the probability of being in all waves of the panel. In particular, families with older children are more likely to drop out of the sample in most waves and therefore also less likely to remain in the sample for all waves than families with younger children. Families who own their main residence and have outstanding mortgage debt are more likely to stay in the panel in all waves. Caution is needed in interpreting this result as the statistical relationship between housing tenure and attrition could be driven by other unobserved variables not included in the model. Children whose principal carer has a higher education level also seem more likely to participate in all waves.
We find no significant relationship between the probability of attrition and childcare use. We assessed the robustness of our empirical findings by applying re-weighting techniques to control for non-random attrition; the main conclusions remained unaltered.
Methodology
Predicting childcare attendance
In this paper we analyse childcare use decisions and their association with cognitive development for a sample of Indigenous Australian children using parametric techniques.
Attendance at formal childcare facilities is examined using a probit model that expresses the probability of ever attending childcare during early childhood as a function of child and family characteristics as follows:
where t D is an indicator variable that takes the value one if the child has ever attended childcare by time t, t
x is a vector of explanatory variables, and is the normal distribution function. We estimate the model at different stages during childhood using LSIC data (waves 2 to 5). At each stage, the vector of covariates t x includes a set of time-variant and timeinvariant child and family-environment characteristics. These include the variables described in Sections 3.4 and 3.5, grouped into six categories: birth and early childhood conditions; child characteristics; parent characteristics; family/home environment; Indigenous culture, and community; and financial and life events experienced by families. We investigate the strength of the association between childcare attendance and children's cognitive outcomes using regression models and propensity score matching techniques.
The impact of childcare attendance on cognitive outcomes: Regression analysis
We propose to estimate a linear model of the form:
where t Y is a given measure of cognitive outcomes, t childcare is a variable that summarises formal childcare use up to time t, t x is the same vector of explanatory variables as in Equation (1), and t  is a residual term assumed to be identically, independently and normally distributed. Two childcare use variables are considered. First, we use a prevalence measure containing information on whether or not the child has ever attended formal childcare by time t. Although informative about childcare use, this variable does not take into account the intensity of the exposure, as it provides no information about the length or persistence of childcare attendance. To overcome this limitation we also estimate equation (2) using a count variable capturing the number of waves in which the child attended formal childcare by time t. As we show in the results section, the main conclusions regarding the impact of formal childcare on children's cognitive outcomes are similar using either construct.
The impact of childcare attendance on cognitive outcomes: Propensity score matching
We also evaluate the impact of childcare on children's cognitive outcomes using propensity score matching techniques. 14 Under certain assumptions, these techniques allow the identification and estimation of the average treatment effects on treated (ATET) and untreated (ATEU) individuals, defined as:
where D is the treatment variable that takes the value 1 if the child ever attended childcare and the value 0 otherwise, and 1  D Y and 0  D Y are the potential cognitive outcomes when the child ever attends childcare and never attends childcare, respectively. The main problem for estimating the ATET and the ATEU is that
directly estimated from the data, as we do not have information to estimate
for those who ever attended, or 1  D Y for those who never attended childcare. However, under the conditional independence assumption (CIA) these two expectations can be identified from observational data. The CIA assumption requires orthogonality between the potential outcomes and the treatment, conditional on a propensity score (or the probability of treatment) ) (x p . As defined by equation (1), the propensity score reflects the probability of treatment assignment given a set of observable characteristics x . Under the CIA, the ATET and the ATEU can be identified by matching children from the treated and untreated groups.
In particular, the ATET is estimated by matching every child j in the treated group to a group C(j) of comparable children from the non-treated group with a similar ) (x p . A weighted average of the outcomes of children in C(j) is used to derive a counterfactual of
Similarly, the ATEU is estimated by matching every child in the non-treated group to a group 24 of comparable children who attended childcare and whose outcomes can be used to estimate the potential outcome 1  D Y of those who never attended childcare. 15 In addition to the binary treatment case, we also derive matching estimates of the treatment effects using a multiple treatment framework that allows us to control for the intensity of childcare use. For this we consider a treatment variable D that reflects the number of waves in which children attended childcare. In principle, this variable ranges between 0 and 5, however, because of the small number of children who went to childcare in more than 3 waves, we consider the set of treatments D={0,1,2,3}, where category 3 pools children observed in childcare in at least three waves. We denote the potential outcomes associated to each treatment category by { , , and }. Treatment evaluations in this framework are based on the pairwise comparison of treatments. Given our interest in the impact of using childcare, we take D=0 as the treatment of reference for the evaluation of the other treatments. As shown by Imbens (2000) and Lechner (2002) , these effects can be identified assuming a generalised version of the CIA which requires the orthogonality between potential outcomes and the treatment conditional on the propensity score that reflects the probability treatment assignment. Following Lechner (2002) , the average treatment effects of treatment d can then be expressed as
where the counterfactuals
are estimated matching subjects in treatments d and 0 according to the probability of being assigned to treatment d conditional on being in either d or 0, ) (
. This selection probability is estimated with a logit model using the restricted sample with observations from treatments d and 0. 16 15 We use the STATA command psmatch2 to match children from the treated and non-treated groups. In particular, we use a kernel matching algorithm with a bandwidth of 0.06. When computing the potential outcomes of child j, this technique assigns more weight to those individuals in the control group whose scores are closer to that of child j. We checked the sensitivity of the results using 0.1, 0.2 and 0.3 bandwidths and other matching techniques including the radius, the k-nearest neighbours, and local linear regressions and the results are robust to these changes. 16 Alternatively, these probabilities can be estimated by modelling the complete choice problem using a multinomial logit or probit model. To date, however, no theoretical or empirical evidence exists on the superiority of these models relative to the binomial one. Lechner (2002) evaluates the impact of labour market
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A key element of any matching analysis is the evaluation of the matching procedure to balance the distribution of the relevant covariates in the treatment and matched control groups. We assess the quality of the matching between childcare users and non-users using two indicators of covariate balancing widely used in the literature. We report the median standardised bias of covariates before and after the matching computed over the set of covariates included in the propensity score. Following Rosenbaum and Rubin (1985) , the standardised bias for any covariate X before and after the matching is given by:
where T X and U X are the sample means of the full treated and untreated subsamples, and policies in Switzerland using both binary and multinomial models and finds that the quality of the matching, and the treatment effects are very similar for the two classes of models.
Results
Childcare use
We estimated probit regression models of the probability of attending formal childcare. 17 In particular, we modelled the probability of using formal childcare in Wave 1 and the probability of having ever attended formal childcare in waves 2 to 5. Wave-on-wave results, expressed as marginal effects, are reported in Table 7 . We only show the marginal effects for those characteristics that significantly influence the outcome variable in at least one wave. We considered six sets of explanatory variables: birth and early childhood characteristics; child's characteristics; characteristics of the primary carer; characteristics of the family/home environment; Indigenous culture, and community; and financial situation and life events. A detailed list of the variables included in each block is reported in Table 4 . Table 7 suggest that the probability of using childcare is not uniform across groups and there are some children who are more likely to attend formal childcare than others. The strongest patterns we found indicate that:  Children whose primary carer went to University have a significantly higher probability of ever using childcare after reaching the age of two years. The marginal effects are substantial: around 40 percentage points higher at age three and four, and just over 26 percentage points higher at age five.  The employment status and hours of work of primary carers are correlated with ever using childcare especially during the first three years of life. Children with employed primary carers and carers who work for more hours are more likely to attend formal childcare.
Results in
Again, the impacts can be substantial: around 20 percentage points higher if the primary carer is employed, and over 1 percentage point higher per hour worked. However, this effect is not statistically significant at all ages of the child.
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 Single parents are more likely to use formal childcare for their child (an increase of around 10 percentage points for children aged between 1.5 and 4.5 years). This is to be expected, as there is no second parent who can also provide childcare for the child. The presence of a grandparent also reduces the use of formal childcare, but only when children are between 6 and 18 months old.  Children with more siblings are less likely to attend formal childcare. The cost of childcare for multiple children may be prohibitively high, and older children may look after younger siblings.
 Children who are read to at home and children who have more than 10 books at home have a higher probability of ever attending childcare, with 'being read to' being more important in the earlier years, and the number of books being more important after three years of age.
Weaker and less consistent patterns suggest the following:  Compared to children living in low remoteness areas, young children in very remote areas are more likely to use childcare, and children older than 3.5 in moderately remote areas are less likely to have ever used childcare. 18  Children in families that have experienced homelessness are less likely to have ever used childcare up to age 2.5; although this association is only statistically significant at the 10%-level.  Children living in a community that is considered to be good for children and in which there are places for children to play are more likely to have ever attended childcare in Wave 3.  Children speaking an Indigenous language are less likely to have ever attended childcare in Wave 5.  Children with a higher score on the Participation in Indigenous culture index are more likely to use formal childcare in Wave 1.  Children in families with a broader array of parental investments as measured by our family activities index are less likely to have ever attended childcare in Wave 2. 18 Hewitt and Walter (2014) report that in 2011 Indigenous children living in remote areas were more likely to be enrolled in preschool than Indigenous children in other areas. We included an indicator for being from Torres Strait Islander descent to check whether this may be driving the results, and found that this was not the case. If anything the associations became even stronger.
There is substantial cross-wave variation and sometimes a lack of consistency in the effect of the covariates on the probability of using childcare. Thus, there are variables that are significant only in one wave and variables for which the direction of the effect changes across waves. However, only in one instance does a significant negative effect turn into a significant positive effect (or vice versa) from one wave to the next. This occurs for the variable indicating that the parent speaks an Indigenous language from Wave 3 to Wave 4.
As a sensitivity analysis, we re-estimated all models using a balanced panel of just over 250 observations to check whether this variability was (partly) due to changes in the sample composition across waves. The results (reported in the Appendix) are similar to those from the original regressions, although some coefficients are larger for this more selective subsample. Examples are the primary carer having a university degree and their labour supply, as well as some other characteristics (such as income or community characteristics).
Our results are similar to those reported in Houng et al. (2011) for the general population of In addition, several other characteristics that are not (always) statistically significant in our sample of Indigenous children have the same sign as comparable characteristics in the general population by Houng et al. (2011) . These include speaking a language other than English at home and residing in a more or less disadvantaged area.
Despite these similarities, there is an important difference between the two samples: the use of formal childcare is much lower for Indigenous children than for children in the general Australian population. No more than 30% of Indigenous children attend childcare at any given age, while Houng et al. (2011) report that 55% of the general population of children aged 2 to 3 use formal childcare. Kalb et al. (2014) examined the same population, and report that children in families on low and middle incomes (under $73,000) and children in families where one of the parents is employed are the least likely to attend any formal childcare.
Compared to non-Indigenous parents, Indigenous parents are on average on lower incomes and they are also less likely to be employed (Kalb et al., 2014) . This may partially explain some of the differences in childcare usage between Indigenous and non-Indigenous children.
Furthermore, such differences could also be due in part to the different locations in which these groups reside, with the Indigenous population being substantially more likely to live in remote areas where less formal childcare is available. 19
Formal childcare usage and child cognitive development
Regression results
Tables 8 and 9 report the estimation results for different specifications of model (2) when childcare use is measured using the indicator and the count variables, respectively. 20 For ease of presentation and given the focus of this paper, we only report the estimated coefficients on the childcare variables. 21
Results from the basic specification without additional covariates indicate that Indigenous Australian children who attended childcare have on average higher scores on all cognitive measures than Indigenous children who never attended childcare. All results are statistically significant. In the case of the MacArthur Bates scale, childcare users score on average over 7.52 points more than non-users, which implies a difference of more than 0.25 standard deviations. Differences in the Renfrew tests scores show that children aged 3.5 to 5.5 years who attended childcare in at least one wave scored on average about 5 points (0.5 standard deviations) higher than non-users of the same age. For the "Who Am I?" test, the difference in the average score between formal childcare users and non-users is 1.64 points (0.22 standard deviations). These results are of a similar order of magnitude as those found in Houng et al. (2011) and Kalb et al. (2014) using the LSAC data, where formal childcare users score 0.1 to 0.5 standard deviations better on a learning index measured at age 4 to 5, depending on household income and gender of the child. 19 Knowing whether this is the case would be useful to interpret these different levels of usage. Average usage conditional on the availability of formal childcare locally would allow us to understand whether this is purely a low demand for childcare issue or whether families are constrained in their choice due to where they live. However, information on the availability of formal childcare is not observed by us. 20 Results using attendance at a day care centre only were very similar to the results presented here. As were results based on the higher bound education variable. These results are available upon request. 21 Full results are available upon request, and are consistent with expectations. Notes: We report three estimates for each specification: the coefficient of the childcare use variable, its standard error in brackets, and the value of the R 2 below that. +,*, and ** denote significance at the 10, 5, and 1 per cent level, respectively. Source: Authors' calculations based on LSIC. Notes: We report three estimates for each specification: the coefficient of the childcare use variable, its standard error in brackets, and the value of the R 2 below that. +,*, and ** denote significance at the 10, 5, and 1 per cent level, respectively. Source: Authors' calculations based on LSIC.
Analogous estimates using the childcare count variable also show a positive relationship between formal childcare use and children's cognitive development. Indeed, results from the basic specification suggest that an additional year of childcare is associated with an increase in the average score of between 0.43 and 3.38 points, depending on the cognitive measure considered.
Interestingly, our results suggest that differences in cognitive scores between Indigenous Australian children who attend and do not attend childcare are entirely driven by differences in observable characteristics between these two groups. In our preferred specification including all covariates except the characteristics at birth and in the early years, 22 the coefficients on the different measures of childcare use are not statistically significant for any of the cognitive outcomes. Results from the regression models that control for one set of covariates at a time show that differences in birth and early years characteristics; child and parental characteristics; Indigenous culture, and community; home environments; and family and life events all contribute to explaining differences in cognitive outcomes between formal childcare users and non-users. That is, in all specifications, the estimated coefficient on the childcare use variable becomes smaller (and less significant) after controlling for each set of characteristics. The quality of the family environment appears to have the most prominent role in explaining differences in cognitive scores between childcare users and non-users.
Indeed, controlling for these differences alone eliminates the gap in cognitive scores, regardless of the childcare variable used in the regressions. The exception to this is the Renfrew test score in Wave 4 for which a significant difference still persists after controlling for the family environment, although this is only when childcare attendance is measured by the "ever use" variable.
The pattern of these results is again similar to what is found in Houng et al. (2011) and Kalb et al. (2014) , but in these two studies the coefficient on childcare remains significant after adding a broad range of household and parental characteristics. However, this could be due to the much larger sample size available when using the LSAC (compared to using LSIC). It is difficult to compare the results in this paper to those for some other Indigenous populations as a very different intervention (a parent and child programme) and outcome measure (within-child improvement in an age-standardised measure) was used in the Benzies et al. (2011 Benzies et al. ( , 2014 and Mughal et al. (2015) papers. The Gormley et al. (2005) paper estimated effects of around 0.6 to 0.9 of a standard deviation for Native Americans, depending on the cognitive outcome measure, which is more substantial than our estimate, possibly because the intervention is a pre-kindergarten programme rather than just childcare.
Propensity score matching results
Results from the propensity-score matching analyses yield similar conclusions to those from the regression analyses. In particular, we find no statistical evidence of the impact of formal childcare use on the cognitive outcomes of Australian Indigenous children once we control for differences in the characteristics of children and their families.
As the results reported in Table 10 show, our estimates of the average treatment effect on the treated (ATET) for the four cognitive measures are small and sometimes even negative. In only one case, the ATET is significant at the 10-% level. This lack of significance holds irrespective of whether we consider a binary or a multinomial treatment variable for the use of childcare.
Interestingly, our results suggest that Indigenous Australian children who never used childcare might have benefited from attending childcare, had they done so. Estimates of the average treatment effect on the untreated (ATEU) for the binary treatment case are always positive although not statistically significant, except for the Renfrew test in Wave 4 which is significant at the 10 per cent level. Further investigation of this result, using larger samples and/or better information on the availability and affordability of formal childcare, would be useful.
The measures of covariate balancing for the binary treatment suggest a good balance of covariates in the matched samples used to derive the ATET and the ATEU. That is, the treatment and control groups have a similar distribution of characteristics. In fact, for all cognitive measures, the median standardised bias is generally below 5 per cent -the threshold usually employed in the literature to identify good matching quality. Furthermore, the null hypothesis of joint significance is not rejected before the matching, but it is rejected after the matching. This indicates that before matching the characteristics of the control and treatment groups were statistically different, while after the matching that was no longer the case. 
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Notes: +, * and ** denote significance at the 10, 5, and 1 per cent level, respectively. For an explanation of the p value of the likelihood ratio test and the median bias indicators see Section 3. Source: Authors' calculations based on LSIC.
For the multiple treatment case, the quality of the matching declines as we change our definition of treatment from ever attending childcare to attending childcare for one wave, for two waves, or for three or more waves. As the number of waves of attending childcare increases, the quality of the matching decreases. The median standardised bias measures for attending childcare for two and for three waves are in general well above 5 per cent, which highlights the difficulty of finding good matches between children who never attended formal childcare and those who attended regularly during their childhood.
Conclusions
The Our results indicate that childcare users perform better on a range of cognitive tests measured at different ages in the preschool period. However, selection into childcare explains these results in their entirety. Hence, our results indicate that it is not that Indigenous Australian children improve their cognitive outcomes by attending formal childcare, but that children who have characteristics (particularly family environment characteristics) associated with better cognitive outcomes tend to be enrolled into childcare. This is consistent with our analyses of the predictors of childcare participation, which show that the probability of using childcare is far from uniform across different socioeconomic groups. Children from more advantaged families (e.g. those with highly educated or employed primary carers) are substantially more likely to attend formal childcare than children from less advantaged 38 families. These results are similar to those for Australian children more generally (Houng et al. 2011; Kalb et al. 2014 ).
Using the current data and taking particular care in defining our variables (especially the very important education variable) and in selecting the same sample across all specifications, we find no significant association between formal childcare use and Indigenous-Australian children's cognitive outcomes after controlling for a broad range of individual and household characteristics that are correlated with formal childcare use and child development. This is consistent with the results reported in AHB (2015), where no statistical relationship between childcare attendance and school-age cognitive outcomes was found after taking into account differences in the socioeconomic characteristics of families. Studies based on the general Australian population of children usually find reduced relationships as well, although these are often still significant (possibly due to their larger sample size). Some of the overseas studies have found significant effects for Indigenous children, but these are often difficult to compare directly as somewhat different interventions have been studied.
However, our results suggest that the children who are currently not attending childcare (i.e.
the relatively disadvantaged children) might benefit from attending, as indicated by a modest result on the Renfrew Wave 4 test which is just short of being significant at the 5%-level. This is consistent with findings from other studies demonstrating positive results from high quality early childhood education programs, especially for children from more disadvantaged backgrounds (Felve and Lalive, 2012) . Indeed, future research should investigate whether the quality of early childhood education provided remains associated with positive cognitive outcomes for Australian Indigenous children from more disadvantaged backgrounds even after controlling for other characteristics.
The LSIC data is a major improvement compared to what was available before this data collection started, both in terms of collecting information on a larger number of Indigenous children than ever before and in terms of the type of information that is collected. However, the sample size is still relatively small, information on local formal childcare availability is missing and specific characteristics of formal childcare are not available for a sufficient proportion of children attending formal childcare to include in the analysis. In addition, the LSIC data are not collected as a probabilistic sample which means no general inferences can be drawn for the population of Indigenous children based on our analysis. If these limitations could be overcome, this question could be investigated further, so that stronger evidence for or against recommending childcare as a way to improve Indigenous children's education outcomes could be provided. That said, the LSIC data is a resource that has enabled a much more detailed analysis than would have been feasible otherwise, and that is not currently feasible in other countries with large Indigenous populations, such as Canada or the US. Notes: a) Definition 1: number of waves in childcare divided by number of waves in which the child is observed; b) Definition 2: number of waves in childcare divided by number of study waves, including the current wave. Notes: (a) The model for the probability of remaining in the sample in all waves was estimated using data from the first wave. (b) The indicator variable for whether the study child is the oldest child was excluded from the estimation of the models for the probability of attrition between waves 1 and 2, and the probability of remaining in the sample in all waves due to perfect collinearity with the respective endogenous variables of: leaving the sample between Waves 1 and 2, and remaining in the sample for all five waves. (c) The indicator variables for whether there is a grandparent present in the household and whether the number of books at home is between 21 and 30 were excluded from the estimation in the models for waves 1 and 2, and the model for being in all waves because of perfect collinearity with the respective endogenous variables of: leaving the sample between Waves 1 and 2, and remaining in the sample for all five waves. The dummy variable for the presence of grandparents was excluded from the analysis of attrition between waves 3 and 4 for the same reason. In Wave 3, families were not asked about the number of books in the home. Standard errors in brackets; Significance levels are indicated by + p < 0.10, * p < 0.05, ** p < 0.01. Other variables included in the regression but not reported here as they were not significant in any of the waves are: number of adults in the household, moved house in last 12 months, number of homes since birth, home needs major repairs, number of people per bedroom, community is safe, weekly family income, index of life events, and index of financial stress. Source: Authors' calculations based on LSIC.
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